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METALLI ZED POLYMER COVPONENTS AND METHOD OF
MANUFACTURI NG SAME BACKGROUND OF THE | NVENTI ON The
Wiy ms@ns2srnvent i on rel ates generally to pol ywerns2006/013713
conmponents having a netallic coating on an exterior
surface thereof. Mrre specifically, the present
invention relates to nolded polyner conmponents with a
nmetallic |ayer on their exterior surface wherein the
metallic layer is entirelyy formed within the nold
cavity before the part is renoved fromthe nold.
Further, the present invention is directed to a

nmet hod of form ng a nol ded pol yner part to include a
metallic |ayer about its exterior surface while the
part remains in the nold. In the conponent
manufacturing industry, it is highly desirable to

form conpefendsn Yiraeskhsp fmmnnemmﬁs akiBps,
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reduci ng the COHE%H@D\W mmmmﬂccswﬁ be produced.

G ven these goals, a popul ar manuf act ur i ng process for
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the net . shape rﬁﬁqﬁ éﬁé&ﬁ; ﬁ%ﬁ_ raw materi al :
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to a method of forming a molded polymer part to include a

metallic layer about its exterior surface while the part
remains in the mold.

In the component manufacturing industry, it is highly
desirable to form componentg using the fewest number of
steps, thereby increasing the speed and efficiency while
reducing the cost at which such parts can be produced.
Given these goals,‘a popular ﬁanufadfuring process for the
formation of components is net shape molding. 1In the net
shape molding process, a molten raw material is placed into
a mold cavity such that when the component is removed from

" the mold it is in its finished form and no further
processing is required to complete it. bDue to the
simplicity of the process, net shape molding is used in
‘conjunction with a wide variety of base materials including
polymer resins and various metals.

While the net shape molding process works well for a

broad range manufactured components, the difficulty with
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2 using a net shape nolding process, particularly wth
polymer materials, is that often other steps are
required in order to inpart various other desirable

Wi mperisises to the part after the nol di ng stepussoso013713
conpl eted. For exanple, parts that are utilized in
el ectroni c devices often nust provide additional
functionality such as transferring heat within the
devi ce, shielding against the effects of el ectro-
magnetic interference (EM3, reflecting radi ant energy
away from sensitive conponents within the device
and/or reflecting light output such as that froma
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onto the desjred surface of a per based part
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g‘rea‘iee&ceThe pre er Eﬁe’t%%’ 'l: rret% g? HC% nf slectro
pmbgneirlc Govpardienened t@MID t haﬁlmgn sediip @nﬁﬁm eay

h §§oﬁev gbtaki ¢ flfawbaglineREENCLRahLY, 8ReVagediad €land/or
above,. netallizing “dramati cal |%al ncreases t he cos

aﬁaf%?fﬁ%ur?ec}mgﬁ%dowumhaﬁ uFiAt HEOPaft 12 8 Hﬁht
rretnattizzg raﬁoﬁeqm.mms that:ordnhglgar in trcerienmred fhama

EE%E I|' par %gsuaflaggread ep C})Ca%]t %%‘:Qn was formed
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part. These addition steps i ntroduce a reaé c?
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mnufacturlng the part is dramatically increased.

The preferred method of metallizing a polymer
component after it has been net shape molded has several
drawbacks. Pri_hcipally, as was stated above, metallizing
dramatically increagses the cost and time required to
manufacture the part. Generally, metallizing requires that
the part, once removed from the mold, be pre-pared using a
c¢hemical bath, subsequéntly plated using vapor deposition or
vacu-plating and then finally clear coated to protect the
thin layer of metal that was deposited onto the part. These
additional s{:eps introduce a greaﬁ deal of additiomnal
handling of the part before it attains its finished state
and result in nearly doubling the cost associated with
manufacturing the part. Further, even though the cost of

the part is increased dramatically, the coating is highly
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the part is increased dramatically, the coating is

hi ghl y 9-0000- 00591 SG 2007 08928-7 WD 2006/ 113287

PCT/ US2006/ 013713 3 susceptible to wear, peeling,
wo sbéngzsand scratching, all of which | ead peT1/Us2006/013713
premature failure of the conponent. Alternately, in
the prior art when a part required enhanced thermally
conductive properties, the base polyner resin was
typically |loaded with highly thermally conductive
fillers to enhance the thegmal conductivity of the
finished part. Such fillers typically include carbon
bl ack, carbon fibers, ceram c powders and/or netal
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n%'o%ipggeg ' OC%SES rc}o(idegcpar tayprz[%taa!l.jlyl :%r?éjludes a resin rich
region at its outer surfaces with a concentration of the
filler materials towards the center of the component. This
is particularly problematic when trying to increase the
electrical conductivity of the part because electrical flux
tends to travel over the surfaces of cbjects, precisely in
the region of the part that has the lowest concentration of
filler material. Accordingly, it is difficult to produce a
part that has a relatively high electrical conductivity
using net shape molded filler polymers. ‘

Therefore, there is a need for a component that is
formed during the molding process to include a metallized
surface. There is a further need for a corﬁponent that is
formed during the molding process to include an integrally
formed metallized surface that is highly durable and

resistant to wear. There is still a Ffurther need or a
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surface. There is a further need for a conponent that
is fornmed during the nolding process to include an
integrally formed netallized surface that is highly
whiihligsand resistant to wear. There is stipela@onsntzs
further need or a 9-0000-00591 SG 2007 08928-7 WD
2006/ 113287 PCT/ 1JS2006/ 013713 4 process of in nold
netal lization of polymer conponents that preserves
all of the desirable aspects of the net shape nolding
process and elimnates thejadditional steps that are
traditionally associated wth netallizing. Finally,
there is a need for a conmpounded nmaterial that is

sphbable s 1hepdla shack et USe din poRRRes tdponehbs titat

net shape nolding of a | n ld netal lize ol r
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descri bed below, in a manner that results in the

metal mgrati ngthI%FtF Ll Hhaseafriche  part and
toward the inner walls of the nold cavity. The result
of t hi sipriddes egarinatheuisiesent paYention ggPeddandtor a
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as will be more fully described below, in & manner that

results in the metal migrating to the outer surface of the
part and toward the inner walls of the mold cavity. The
result of this procesg is that when the part is cocled and
removed from the moldiﬁg cavity, a net shape molded part is
formed that has polymer core with a metallic layer at the
exterior surfaces thereof. Further, the present invention
provides for the compounding of a feedstock material
composition that is suitable for use in conjunction with the
method described above.

' Generally, a metal alloy ‘and a polymer resin are
selected so that they are carefully matched with respect to
their relative melting points and in order to insure that
the polymer and metal are not miscible. It is particularly
important within the scope of the present invention that the
melting point of the metallic alloy be tailored to E£all

towards the upper end of the desired molding range of the
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sel ected so that they are carefully matched with
respect to their relative nelting points and in order
to insure that the polyner and netal are not

wo seé/Dlssy It is particularly inportant Wt cRdsh®so1sris
scope of the present invention that the nelting point
of the netallic alloy be tailored to fall towards the
upper end of the desired nolding range of the
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PCTI US2006/ 013713 5 base pol yner resin and above the
tenperature at which the resinis typically
conmpounded. Further, it is also inportant that the
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the mxture and_to the outer surfac,ei
inéreases, the lower wviscosity materia

gends to migrate to
the exterior surfaces of the mold cavity where the
differential pressure is greatest and the higher viscosity
material remains in the central region of the mold cavity-
Accordingly, in the context of the present invention, since
the molten metal has the lower viscosity, the molten metal
is driven out of the mixture and to the outer surfaces of
the mold cavity while the polymer, having a highex viscosity
remaing at the core of the mold cavity. Once the parxt is
allowed to cool, the resultant part is a net shape molded
part having a polymer core with a metallic coating or layer
disposed on or at the exterior surfaces thereof.
The formation of a feedstock material suitable for use
in the method of the present invention ig also provided. In
this manner, a polymer composition is compounded that

includes powdered metallic alloy dispersed uniformly
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the nold cavity while the polyner, having a higher
viscosity remains at the core of the nold cavity.
Once the part is allowed to cool, the resultant part
wo2086/@is7shape nol ded part having a pol ymewrceaissomizis
a netallic coating or layer disposed on or at the
exterior surfaces thereof. The formation of a
feedstock material suitable for use in the nmethod of
the present invention is also provided. In this
manner, a pol ymer conpositd on i s conpounded t hat

i ncl udes powdered netallic alloy dispersed uniformy
9- 0000- 00591 SG 2007 08928-7 WD 2006/ 113287
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metallizing. Finally, it is a goal of the present invention
to provide a compounded material that is suitable as feed
stock for use in connection with the net shape molding of an
in mold metallized polymer compeonent.

| These together with other objects of the invention,
along with various features of novelty, which characterize
the invention, are pointed out with particularity in the
claims annexed hereto and forming a part of this disclosure.
For a better understanding of the invention, its operating
advantages and the specific oObjects attained by its uses,
reference should be had to the accompanying drawings and
descriptive matter in which there is illustrated a preferred
embodiment of the invention. ‘

BRIEF DESCRIPTION OF THE DRAWINGS
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in nmold netal lized pol ymer conponent. These together

Wi th other objects of the invention, along with

vari ous features of novelty, which characterize the
wowesiissn, are pointed out with particul ari tpyrhRdeb6i3713
cl ai rs annexed hereto and formng a part of this

di scl osure. For a better understandi ng of the
invention, its operating advantages and the specific
objects attained by its uses, reference should be had
to the acconpanying drawi ngs and descriptive matter

in which there is illustrated a preferred enbodi nent
of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

9- 000019105%8%::%@;@.?19;@89%&&1 VD1 2064328 e  best mode
PCT/ US2006/ 013713 _ 7 I.n tfhe drawi ngs whi cth itl | ust rate .
t B Yo FENC TR v L5nt SRPTH B caPFyi RGSETR
thergmtdeent invention: FIG 1 is a schematic
cross-sectional view of a nolding machine for

i npl ementing the nethod of the present  invention; .
FI G 2FI§.a kréss-seschamdliovi evpui-sgehnoral wéeyw of 2
SHSRBRIL hatRiAe PObY Rip1EASHIN @F tiHe PREBBE &f Ofi: iPiesent
mpl di n machine of Fig. 1; FIG 3 is a

ct'o8SsECi onal view of nolten metal suspended in a
pol ynmerrigesian ias a topassesctihvmighvidve chegtenuliamg metal
t 4N chi f_Ei ; Kl i '
P R phbth o i Papfed 3105, the molaing
riea¢iingf oér Fpgesbure is applied; FIG 5 is a

represenat iPnak G OSHsReEbbOlGhalvi Yewf o migtefhapeal
RS AR SRS L REnel L8R B e
ctrihgs -Fetheonal dinewachiae of Fig. 1;

FIG. 4 is a cross-sectional view of molten metal and
polymer resin after pressure is applied;

FIG. 5 is a representational cross sectional view of a
net shape mélded composite made in accordance with the
method of the present invention;

FIG. 6 is a sachematic cross-sectional  view of a
molding machine implementing an alternate wmethod of the
prasent invention; and
, FIG. 7 is a cross-sectional view of granular metal
gsuspended in a polymer resin as it passes along the molding

machine of Fig. 6.
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nmol di ng machi ne i npl enenting an al ternate nethod of
the present invention; and FIG 7 is a
cross-sectional view of granular nmetal suspended in a

wWPlo¥§BBaghesin as it passes along the nol ding gi?fdﬂ&ﬁh‘%m
of Fig. 6. 9-0000=00591 SG 2007 08928-7 WO 280 13787

PCT/ US2006/ 013713 8 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON Now referring to the draw ngs, the

i mpl ementation of the nethod of the present invention
is shown and generally iljJustrated in Figs. 1-4. As
was stated above, the nmethod of the present invention
is principally directed toward in nold netallization
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particul arly, nmet hod of the present i nvention.is
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bar rel Iwewklngegemmﬂt];yorbmﬂ-h@sng -4, in form:.ng the net
shaped  composite component, the method of the present
-invention generally includes the provision of a polymer
resin 10 and a granular metal 12, both of which are dry
blended or separately deposited into the hopper 14 of an
injection molding machine 16 for mixing as they pass through
the molding process. The polymer resin 10 and granular
metal 12 are then heated until the polymer resin 10 becomes
molten. The polymer resin 10 and granular metal 12 are then
further blended in the barrel 18 of the injection-molding
machine 16 as they are drawn down the barrel 18. The
mixture of polymer resin 10 and granular metal 12 are
initially heated tc a temperature that is above the lower
melting point of the polyl'mer resin 10 but below the melting
point of the metal 12 for reasons that will be fully
dizclosed in detail below. Once the blended composition
has advancedva sufficient distance down the barrel 18 of the

injection-molding machine 16, the composite is further
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machi ne 16 as they are drawn down the barrel 18. The
m xture of polyner resin 10 and granul ar netal 12 are
initially heated to a tenperature that is above the

wEWBE 113! ting point of the polymer resin 1QchhisdghRW3
the nmelting point of the netal 12 for reasons that

will be fully disclosed in detail below Once the

bl ended conposition has advanced a sufficient

di stance down the barrel 18 of the injection-nolding
machi ne 16, the conposite4d s further 9-0000-00591 SG
2007 08928-7 WD 2006/ 113287 PCT/ US2006/ 013713 9
heated to a tenperature that is above the nelting
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in the process as it ‘passes along the bore 18 of the

injection molding wachine 16. in Fig. 3, reference 28
depicts the composition after is hae passed through the
check ring 32 located at the output end of the injection
molding wmachine 16. The check ring 32 ‘acts as a one-way
valve that prevents -'anl,r rearward flow of the composition.
At this point in the process, it can be seen that the metal
12 has become molten as well, but the metal material 12 is
still suspended within the polymer resin 10. Turning now to
Fig. 4, in reference 30, it can be seen that as pressure is
épplied to the molten composite material, physics dictates
that the lower viscosity material will wmigrate to the
locations within the mold cavity 20 that have a higher .
differential pressure, in this case, the lower viscosity
molten metal 12 migrates to the cavity walls 22 of the mold
20 while the higher viscosity polymer 10 migrates toward the
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val ve that prevents any rearward fl ow of the
conposition. At this point in the process, it can be
seen that the nmetal 12 has becone nolten as well, but
widwedmbal material 12 is still suspended wWpkhigRadob6is713
pol yner resin 10. Turning nowto Fig. 4, in reference
30, it can be seen that as pressure is applied to the
nol ten conposite material, physics dictates that the
| ower viscosity material will mgrate to the

| ocations within the nold;gavity 20 that have a higher
differential pressure, in thls case, the | ower
viscosity nolten nmetal 12 migrates to the cavity
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ultimately resulting an alloy that would prevent the
migration of the metal 12 to the outer surface of the
component part during the molding process. Additionally,
the metal 12 and polymer 10'must be selected such that their
respective melting points are balanced. More specifically,
polymer resins have a usable range over which they become
molten and remain usablé. This usable molten range is a key
factor in the process of the present invention. . Often,
polymers are compounded using a melting point at the lower
end of their usable molten range and are molded using a
melting point at the higher end of their usable molten
range. With this limitation in mind, the metal 12 must be
selected to have a melting point that falls at the correct
point within the usable molten range of the polymer 10 in
order for the method of the present invention to succeed.

If the melting point of the metal 12 is much higher than the
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conmponent part during the nol ding process.
Additionally, the netal 12 and pol yner 10 nust be

sel ected such that their respective nelting points
wag sodelggiced. More specifically, polyner regras:ievers
a usabl e range over which they become nolten and
remai n usable. This usable nolten range is a key
factor in the process of the present invention. Oten,
pol yners are conmpounded using a nelting point at the

| ower end of their usabl g;nolten range and are nol ded
using a nelting point at the higher end of their
usable nolten range. Wth this limtation in nind,
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tggmﬁgii% e %9. Bhg'rﬁkﬁdﬁ‘lg %ché/éécos' ty of the nolten

| ower an the viscosity of th
nol ten %I%P%Gﬁa‘% ath&hgpRFat iy H’t"éﬂ’p’)éﬁ%’t l?ré’aﬁfert%éﬁ ©
bR PFOSeSS 10l BréhgueomBxtiqaf dde spdeatdt would fall
Igr\:{gﬂ:{ﬁori]:hea svc%rﬁeetg/f oLhe present disclosure. The most
important criterion for selecting a polymer resin 10
material is the ability to select a resin that has a usable
molten range that closely corresponds with the melting point
of | the selected granular metal 12 as described above.
Suitable polymer resins 10 may include a wide range of
thermoplastic and/or theromset resins as well as alloys
thereof. More preferably, polymer resins 10 that are
particularly suited for use in connection with the present
invention include polyphenylene sulfide (PPS), co-polymers
of acrylonitrile, butadiene, styrene (ABS) and

polycarbonate. ‘
In terms of granular metal 12 selection, it can be
seen that the metal 12 must have a relatively low melting
point that falls within the usable molten range of the base

polymer resin 10. It is particularly preferable that such a
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pol ynmer resins 10 are sutiable for use and all would
fall wthin the scope of the present disclosure. The
nost inportant criterion for selecting a pol yner
wemoa113837 material is the ability to sel ect paTgsdofor3713
that has a usable nolten range that closely
corresponds with the nelting point of the selected
granul ar nmetal 12 as descri bed above. Suitable

pol ynmer resins 10 may include a wi de range of

t hernopl astic and/or therpgset resins as well as
alloys thereof. Mre preferably, polymer resins 10
that are particularly suited for use in connection
Whéﬂ%llt he peeseBhtedtWeiley whekdie méymmiyﬂgepemt of

| f PPS i .
ot Ty PRLE L LB MLt of e, o o
oéozgﬁtanuém wetkal cdRp@Eingst | ocmﬁtant suglh Y mﬁééﬁﬂqtﬁéﬁ 12
U, medialoy L2 Blslediayes g elial, velink OVl dd NoneRRbAY.

|n t he usabl e nDIten range of t ase

PRASATSA NP LY nnelb@lw 2 &hafa aGec BREFHGH ePBbF tHrat Use
Sie Necn@c8 060 - 059 kneGp2: eeanesﬂml\a@ 20064dsl IZR7 Zine,

S2006/ 01371 taI 12 |
V\}%} PRy rﬁﬁdt %F@cém Aony a S | ?E'Eﬁ&{éhl 8\%6% 14 be‘
't feprreelibtag p0|@meomkenﬁhérluftbheﬁl@oﬁé@ﬁt@@ﬁt“ﬁﬁﬁ&ﬂlc
Cﬁ&%&g.%ﬂt Stha.g LR SUGHd ONARIEnBRE b8 }éviAgeadhleQy¥Sng

using Tin, zinc and/or Anti nony AccorglngJ%bl
NP Hs Vllecthwajts a¥%1qs¥érweilé’u|°&ﬂ991¥uuﬂlaéah?‘6r LR &hej ppsanie
CRSNAST irafighl & dHe phleRent1d RNt ba sunidaide.

Ti n- Zi Iln Antinmony and Zinc-Antinony alloys,
aIthou&WaPE 8hbul d be appreciated to one skilled in

t he artant RS apylynetal Féein mis esiedbectédt hpping phawsable

B Rt o B R Rt ST RLop{ e eln the noe
'OistEybﬂ@dll?eéoﬂébdﬁaébdb§%Wéﬁﬂ tabl eandX @fpkeor and 455°F
and molded between about 455°F and 470°F. The metallic alloy
igs formed using approximately 95% Tin and approximately 5%
Antimony having a melting point of 4630Ff In this example,
the metallic alloy is mixed into the polymer resin using the
compounding temperature range. Once the composition passes
"the check ring in the injection molding barrel, the
temperature is elevated to the preferred molding temperature
for the polymer of 470°F causing the alloy to melt as the
composition is injected into the mold cavity under pressure.
Example 2:
A PPS polymer resin is selected having a usable moiten

range of between about 560°F and 610°F wherein the PPS is
typically compounded between the range of 560°F and 565°F and

molded between about 565°F and 610°F. The metallic alloy is

formed using approximately 60% Tin and approximately 40%
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An ABS polymer resin is selected having a usable
nol ten range of between about 440F. and 470F wherein
the ABS is typically conpounded between the range of
W Woe/aiask7455F and nol ded bet ween about 455khcqR@dbéMHE713
The netallic alloy is formed using approxi mately 95%
Tin and approxi mately 5% Antinony having a nelting
point of 463F. In this exanple, the netallic alloy is
m xed into the polynmer.resin using the conpounding
tenperature range. Once the conposition passes the
check ring in the injection nolding barrel, the
terrperature is elevated to the preferred nol ding

ratu for th oly of .4 au
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melting point of 585F. In this exarrple the netallic
aP?%‘i/s"}%se ‘mi xed into the polyner resin using the
conpourdliengly empdiiat veetaingely@ice 10hend omsedi el kpys 12

pﬁgégsbe%Jg &{E:x% d 19 By LQ:E?' “il?ec AR Gifi@ntion is

rel nperature is e evate to the preferred
nebel Frphilener anYr 8rOFSFS t Wel HAipge thef IaRoTARL setpehings
cae&rrgaetdﬂeeaéi@»eg ARl toada HhiRteenpeaidllgnwesl with a

ted to th | d d
CPRE | FOUEFe Hor B PoFghers 1605 bt SFCRHFIRY £h
hagkedteiem r eéeitreadat 0 pyoviakes, twidlgnesetite i ndepelgre-
%ur%?@.rl QAR Sk 03 AL REQCHSBetdll icthiBIndNiRnICR8r RE11 as

end uses for the part manufactured using the disclosure

provided still fall within the spirit of the present
"invention.

Turning now to Fig. 5, a representational cross
sectional view of a component 34 formed in accordance with
the teachings of the present invention is shown.  The
resultant component 34 can be seen to include a polymer core
10 having a metallic outer surface 12 that is relatively
thick as compared to metallizing processes in the prior art.
Due to the thickness of the metallic surface 12 it is of
‘particular note that the surface is highly resistant to
scratching. When tested utilizing the known prior art
testing processes for determining the durability of
traditional metallized  surfaces, the components 34
manufactured using the teachings of the present invention
exhibited no evidence of peeling, flaking or scratching. Of

particular note is the fact that the metallic coating 12 on
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descri bed herein as they would function equally well
wth a base polyner 10 and netal 12 sel ected
utilizing the selection criteria provided within the

wh sk esigse. Further, various different ”thkhﬁhmmmou7m
conbinations as well as end uses for the part

manuf actured using the disclosure provided still fal
within the spirit of the present invention. Turning
nowto Fig. 5 a representational cross sectiona
view of a conponent 34 forged in accordance with the
teachings of the present invention is shown. The
resul tant conponent 34 can be seen to include a
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t It should alsoc be noted that should a highly thermally
conductive component 324- be needed, the base polymer 10 may
be filled with any number of thermally conductive fillers
such as boron nitride, alumina, metal £lakes such as
aluminum or copper, carbon fillers as is well known in the
prior arﬁ to greatly enhance the thermal conductivity of the
base polymer 10 and in turn the overall thermal conductivity
of the component part 34. .

There are other variables that must be considered, as
they may affect the process and the resultant component of
the present invention, but are not required limitations
within the process itself. Such variables include the
mammer in which the mold cavity 20 is £filled, the pressure
used to fill the cavity 20 and the temperature of the mold
20 itself. If the mold 20 is too cold as it is filled, the

material molding composition may begin to set before the
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the present invention. Further, while outer surface 12
of the conponent part 34 exhibits the characteristics
of the base nmetal, the strength properties of the

vemeeneny; part 34 remain in line wth the $ihRRSob013713
characteristics of the polynmer resin 10 sel ected.

This is an inprovenent as conpared to the use of
filler polymers wherein the polynmers typically lost a
great deal of their flexibility and becane quite
brittle. It should also bggnoted that should a highly
thermal ly conductive conponent 34 be needed, the base
polyner 10 may be filled with any nunber of thermally
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15 pressure th e .cavit
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Flﬁrotlpﬁér 10 and metal 12 that is utilized in the molding
composition although, partial control over the thickness may

also be achieved by variations in mold cavity pressure.
Turning now to Figs. 6 and 7, an alternate method for
| implementing the teachings of i:he present invention is
illustrated. In this case, a method of forming a polymer
composite feedstock for use in net shape molding a component
34 having a metallic layer 12 about an exterioxr surface
thereof 1is provided. This method as described in the
teachings above include the provision of a polymer resin 10
and a granular metal 12, both of which are dry blended ox
separately deposited into the hopper 14 of an injection
molding machine 16 for mixing as they pass through the
molding process.  The polymer resgin 10 and granular metal 12
are then heated until the polymer resin 10 becomes wmolten.
The polymer resin 10 and granular metal 12 are then further
blended in the barrel 18 of the injection-molding machine 16
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utilizing a high conpression screw inpacts the process
of the present invention. In this case, the high
pressure wthin the screwresults in early separation

i njection-nmolding machine 16 itself. Therefore, |ower
speeds and pressures wthin the conpounder are
desirable to maintain the wuniformty of the
conposition until it is injected into the nold cavity
20. The thickness of the ﬂ$tallic | ayer 12 that s
deposited on the outer surface of the part 34 is
prinarily controlled by controlling the relative
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The pellets 40 in turn are then subsegquently fed into
a hopper 14 of an injection molding machine 16 and molded in
the process as deécribed above wherein the pellets 40 are
advanced along an injection molding bore 18 to first welt
the polymer resin 10 and then, once the compositipn has
passed the check ring 32 in the molding barrel 18, heated to
melt the granular metal 12. In all other respects the
process operates as described above.

Accordingly, the method of the present invention can
be seen to create a net shape molded part that includes a
metallic coating 12 or layer on the outer surfaces thereof
that could only be obtained in the prior arxt by the
expensive and lengthy metallization process. The in mold
metallized part of the present invention exhibits greatly

improved durability as compared to parts formed using prior
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to a tenperature that is above the |ower nelting point
of the polyner 10 but below the nelting point of the
metal 12. As can be seen in Fig. 7, reference 26

wo rddsikates what a close up view of the Co'i%gﬁ}sido%&sm
may appear |ike wherein the granular net

remaining in a solid state is wuniformy dispersed

t hroughout the polyner resin 10. At this point in the
process the conposite is extruded rather that further
heated for nolding. The extrudate 36 provides a

pol ymer conposition having a granular netal 12 bl ended
therein that is suitable for use as injection nolding

f%@@%&@i&d‘s“wﬁffé) AaBCE M nkNE BF LRt ddiRRLEODn Afe
the_ extrudate 36 cools, it may, K be thep pelletized

uSPRg PStc UREFIRG- NS cwiny thrF‘bW‘n ;?é’icf“et%aliffﬁ as afe °
t ypteaigatedprbuidedrto ﬂamxécaatsirngr shkopresenasinvention
in.e 80 nDldI dstock [l .

aF"'é ?‘t%wen i ’étéad%ent%ylef edinto g egmegf 9 FEE&%J}HCS
i ppptidasn ool whang imacheate !Lsamﬁjanm@de@MFn Sftwédmg are

p&e&@ﬁe@sage‘%@n bed ahpvenyhsfgin Lhe Reldiehs wHerais a
advance an injection nDIdlng ore 18 to first

nBpgal H?@dpo? Xy e%C?“}?OPGnEm&’OFﬁ@n Sorttsigfifle for either
C @8pesidri-An chadecpasseek tdepobesk ridyg t32senreheons, the
TSROLA, PG 80 A e T8 LebBEGLONY) 81 olIEE Alant
12 i al er resp ect s SS Operates~a
deéwmmrabwe thﬁ:c@r’fd,l nlgiflnﬁh tl‘h%ﬁ ratissenstal héommerclal
presept i-nvention can be seen to create a net shape
nol ded part that includes a netallic,coating 12 or )
| ayer dHitlse GiRks tor Fhewe eRdr dsforibedd fe%ﬁw offFF2Ln
bepebigidedtincthie penbsdgirdg byhd heénvexyensi vetandll be
| engt met.al | i_.zati on . _process. Hal d al
a% E¥iihe réé%n |n%e9¥ﬂ%n exhﬁbltsggk tﬁgE Léfﬁﬂm
] mpd@ma@ammahdt yeasragoggeendd ©f phet Dartﬁ n@@lYum rigade

Pk hode 00000924 SE-SP07% 89281 4 WO £P6/5E433870f  the
PCT/ US2006/ 013713
underlying inventive concept and that the same is not

limited to the particular forms herein shown and described
except insofar as indicated by the scope of the appended

claims.
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17 art nethods while also providing a dramatic
decrease in tine and cost associated with form ng
such parts. It is anticipated that parts forned using
the present invention woulg be suitable for use in
any variety of electronics application wherein heat
transfer or EMF shielding are required as well as in
WHHE dCheLAaBBPE cation wherein a netal lized pol yner
conmponent woul d be useful for either functional or

fj.ecorAatr.hé’@_lcF&” BeS&3r Egg' taheﬁgt r %%%g@s.’mél. d i Qérﬁ];ﬁﬂltent
| nv'entl on Is believe t repr esent stgnitl cant
aliagc eentnatigliihe adeyewnhi shohias substaheidr surface

ﬂggngr [ i j.l .here, LS nd descri bed
ereiggcg%?aﬁﬁ{ﬁ%%e0| nggggug?%r%‘%%%gﬁﬁing t he

invention, it will be manifest to those skilled in
S5  the arpvitiatgvarpolgne modisfing atsiadds pahgme ear ¢ Qg eneningg

aOf .utslg%lgar }n%lggéf b,%t maede thvg t h%%tisggpaﬁte{: nger]; ' oam tthierst
spirit and scope o e un&érlylng i NVERTT Ve concept
tapetrhatireheargane iscatl  tempdmedture theghpar t kbeharsaid
: herei n. shown and descri bed except insofar as
%ﬁlgggFgﬂgﬁﬁt%ﬁ%’scope of the appended cl ai ns.
9- 0000- 00591 SG 2007 08928-7 18 WHAT IS CLAIMED: 1. A
met hedooiding m By agnatulshapendidldedheoipeonent e gy
a nmetallic | r .about an exterior surface thereof,

10 HBELREHGR COMEr 10 ) PRETS AR 13 BroRH o e ture
Fol yees tRSHhNsaShidhRaky renpeestiirdiavi ng  a usabl e
nolten state that exists between a first tenperature
and a second tenperature higher than said first

t enpBrAELTES; SRFOVPEH ARG ¥FSHUI R FetdPHALYg dhat is

g®lteRd than said first temperature and less than said
melting temperature of said granular metal, thereby

15 causing said polymer resin to become molten;

urniformly dispersing said granular metal throughout

said molten polymer resin to form a composition;

further heating said composition to a temperature
that is greater than said melting temperature of said
20 granular metal, thereby causing said granular metal to

become molten metal;

injecting said composition under pressure into a

mocld cavity, having cavity walls;

separating the molten metal from said polymer, said
25 metal migrating toward said cavity walls and said polymer

migrating toward the interior of said cavity; and

cooling said composition to form a component having

a metallic layer surrcunding a polymer core.
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10 tenperature that is greater than said first
tenperature and | ess than said second tenperature;
heating said polymer resin to a tenperature that is
greater than said first tepnperature and | ess than said
melting tenperature of said granular netal, thereby

15 causing said polyner resin to becone nolten;

ami f ahFl JrednePersi akpSaile gihareiar spédaPters otghmating
éﬁﬂé‘ﬂ@i P9E¥ﬂ§! &S !B rh® fQﬁ. @rggﬂao%éﬂdnﬁranular
further heating said coanS|¥|on 0 a tenperature
Wl i sTeFeter heRaANgai tRife| FPRGOS ERpRT atlde bi]sHiiag
20 Oramy A ciBhakyet psgfgymé@ugé NG, S g BFanul A iREtaly
to beconme nolten netal; injecting said conposition
5 apider 9preskun emehed @aswol thoandh yanhavijegtdani tyolding
el lS; g€ i tk |t I 0 1.4 polymer,
saig 25 Eﬁ%a E?brggPﬁg f%&%?ghgai%ﬁcg%ﬁquma %’aﬁ:e
SARErpohyrert ARyl dbdngelt oweddiatlle inteeroinoffsal aid
£ %ém?@gaw%'y@ SAlf GUROSLL @ Sotfe}i{%g}a@tue that
conponent having a met al e | ayer surrounding a
igolgmremt egortdan9tDe00<0058d SSRYOVC 0892F Taligl mptafhat
10 %h%qtgﬁtcggén1l, wherein said steps of heating said
pol'ymer resin, uniformy dispersing said granul ar
metal, further heating said conposition and injecting
Iai d Thenpeshod onf arkaiperd,orsmd dsjsatdopohyh@ing ésinrel

.an .sai d granul ar tal pass _throu an_injectjon _.
AaEY BaPPE e TR BB SR8 Ana b sy S td
cgrachulihe méteriperahaieind dai da batorned geedtml bytil said
&yc%ea%Ln fronlsﬁﬁ} fb{st.te erature _at said input
SHOrS TAOT ST e ALl 5218 Gheatth PR the mel L1 ng
tenperature of said nmetal at 10 said output end. 3.

15 4The meehfdtBbd Cbaid Zin SI3i GHdHeeEt kB FREbHDL PasT &aid
molten metal is lower than the wviscosity of said molten

polymer resin.

5. The method of c¢laim 1, wherein said graanular metal
is an alloy of metals selected from the group consisting

20 of zinc, tin and antimony.

6. The metheod of claim 5, wherein said polymer resin is
acrylonitrile butadiene styrene (ABS) and said granular
metal is an alloy including approximately 95% tin and

approximately 5% antimony.

25 7. The method of claim 5, wherein said polymer resin is
polyphenylene sulfide (PPS) and said granular metal is an
alloy including approximately 60% tin and approximately

40% antimony.

8. A method of forming a polymer composite feedstock

30 for use in net shape molding a component having a
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i ncluding a one way val ve proxi mate sai d output end,
said granular netal remaining in a solid state until
said conposition passes through said one way val ve.
15 4. The nmethod of claim 2p wherein the viscosity of
said nolten netal is lower than the viscosity of said
nmol ten polymer resin. 5. The nethod of claim]l,
Bt eilt satielgr aRarhr afet aktersomnsyrfage ofthgseafs the
wetiedd edrnbroBt hhe iy QR oRgi:sting 20 of zinc, tin
and antinony. 6. The nethod of claimb5, wherein said
polymer resin is acrylonitrile butadi ene styrene
( ABSPTRYAd3 B d2 gPpahymer refcimal sSasdapodviey reeludianing
APPERHIBE LY + 93 % &t%@ﬂ%aacppre%'s%@t ebxaéé’/g Nt MY, ¢
25 7. The nmethod of claimb5, wherein said polyner
S peratgrepdnhhanydsrads ut ¢hpr{{PRS) hhdgheai ghan said
granulan eetalls an alloy including approximtely
60% tin and approxi mately 40% antinony. 8. A nethod
of formng a polynmer conposite feedstock 30 for use
i n neroyhdpegnoladi ngranwclamponeatahavhagimag a melting
- 5 9 07 -7 tallic la baut
ST, R 4 T e el nbtfae e re
grivk Istsgpshoeh: sprd\dediong aeppkyaturesesi n, sai d pol yner
resin having a usable nolten state that exists
between.a first . 5 tenperature and_a_secon .
10 ten%gngﬁP% ﬁ?bﬁe?oiﬁgnrsﬁﬁ%ﬂnf??s? t MR Rt At 1S
qoreeiriedi Nohaa gl At rafet abmpavingra sedt iBgs than said
t erature that is greater, than said first
RedaEPat GPEPCER TS s o1 haif iSai @ 6R00AE t BRpRt at (rReToRY
dweatingg ssad dp @D e refsesi Rot Bedohemer@inyre that is
greater than said first tenperature and | ess than said

uniformly dispersing said granular metal throughout

15 said molten polymer resin to form a composition; and

extruding sdid composition to form injection melding

feedstock.
9. The method of claim 8, further comprising the steps
of:

20 cooling said extruded composition; and

pelletizing said cooled extruded composition.

10. The method of claim 8 , wherein said granular metal
is an alloy of metals selected from the group consisting

of zinc, tin and antimony.

25 11, The method of claim 10, wherein said polymer resin

is acrylonitrile butadiene styrene {ABS) and said
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melting tenperature of said granular netal, thereby
causi ng said polyner resin to becone nolten; uniformy
di spersing said granul ar netal throughout 15 said

nol ten polyner resin to forma conposition; and
extrudi ng said conposition to forminjection nolding
feedstock. 9. The nmethod of claim8, further

TOHPHicSi Mettte s%efd DFLOV20LRBIdING SHRF@RMAGGdd 95%

€O hibBRox 8Rgk e PEldsetinzliRgnsai d cool ed extruded
conposition. 10. The nethod of claim8 , wherein said

?ranular nmetal is an alloy of netals selected from

he &W@uﬁeééﬁ§|§ﬁlﬁéal@flﬁlncWh?Fﬁl@n@ahﬁtP@&NWﬁr:&?Sln
pémy%h@%&m@geo£ufffﬁén@ngfMy%ﬁe%Q% gaggiggmme€§¥”f%

is acrylonitrile butadi ene styrene and sa
a1 0000-130591 18612191@371908928P170>231maig~rla/nul #@0%et dlin s amd

Q% kAL udi Dek apprioxately 95% tin and
E%%%ro%lnate?y 5@6anfinoﬁﬂ 12. The method of claim 10

, Wherein said polymer resin is polyphenyl ene sulfide
¥¥PPSfthgndieshpd gfacdhamn fet dhrtker Scampal 4oy el Udiang
)pr oxi mately 60%tin and approximately 40% anti nony.
13. The nethod of claim8, further conprising the
steps of: placing said extruded conposition into an
i nj eptlteohng 16amd| dxkhgudss ecbihygs heiatn nghtsaigh injection

Lon tp a tenperature that is greater than
sag@%%e%?lng ﬁ%nperature of said granular netal

I njecting said conmposition under pressure into a 15
nol dheavihy Bavbnge@dstiyival [t sheeebbrsahte PLHBSSUriS

greater than said melting temperature of said granular

metal;

injecting said composition under pressure into a
mold cavity having cavity walls, wherein said pressure
causes said metal to separate from said polymer, said
metal migrating toward said cavity walls and said polymer

migrating toward the interior of said cavity;

cooling said composition to form a component having

a metallic layer surrounding a polymer core

14. A method of forming a polymer core having a metal
layer dispose about an exterior surface thereof, the

method comprising the steps of:

providing a polymer resin, said polymer resin having
a usable molten state that exists between a first
temperature and a second temperature higher than said

first temperature;
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causes said netal to separate from said polyner, said
metal mgrating toward said cavity walls and said
polymer migrating toward the interior of said cavity;
cooling said conposition t@2forma conponent having

20 a netallic Iayer surroundi ng a polyner core . 14. A
met hod of formng a polynmer core having a netal |[|ayer
di spd¥EvaRLE arf ex??éff-rﬁlb]ra%urm%%%lthéﬁ@éflg t fe Metthicw

Wﬂa&h&ﬁ tdmtst @PSgaf st oMl NGa By PBLYHBT +EQSEFature
sai d %P resin hawng§ 25 a usable nolten state

Qqﬁﬂlqéﬁl &npathett @ Feretafpetat ure and a second
tenperature higher than said first tenperature;

9- 00@1@51@@581s§§d2?QZyIQ§§2§eg1122to P& OYé%Q&tﬁlﬁ atfHé!tarls

met al havin tihg tenperature that is greater
S &W%au@#ﬂ r53id efipesiat GreEpeandut @ssnd hanssaitdage cord!

dEMReA YeRpeRERLENT SAT & PQ] YIRLLESEN hQr81, thereby
temperature that is 5 greater than said I'r st

tpegaraid RRHYTS srasian tsabdconel megentienper at ure of
said granular netal, thereby causing said polyner

resi u r | sper si '
e narsPo RO Ll VDLLS! Ll Sp kst 00 ERllgncur
20 f orAtancpepwsét ixmsinl@of drrher deatdsig isai;d
conposition to a tenperature that is greater than

said Lpg lenperature of sai d._.gran Iar ta
10 nDInggkéa?drgﬁﬁgog t5O5 uRAER© %?%g%ur Sai Sfpé: e
Hhvags sy egeaaseng tdand pold/meeltesg n t"eﬁlpéﬁﬁ]’@@fé daffe watid
t%%u115 cor e, ofag id conposition and said netal to
qﬂ afe ¥'5"an’ ¥t erior surface of said pol ynmer core .
15 The nethod of claim 14, wherein the viscosity of

sai dmobHifG Melkakd | Scdupaertiban theleH SGOSddanref, salfid
pressure causing said polymer resin to consolidate at the
15 core of said composition and said metal to migrate to an

exterior surface of said polymer core

15. The method o©f claim 14, wherein the wviscosity of
said molten metal is lower than the viscosity of said

molten polymer resin.

20 l¢. The method of claim 14, wherein said granular metal
1s an alloy of metals selected from the group consisting

of zinc, tin and antimony.

17. The method of claim 16, wherein said polymer resin
is acrylonitrile butadiene styrene {(ABS) and said
25 granular metal is an alloy including approximately 95%

tin and approximately 5% antimony.

18. The method of claim 16, wherein said polymer resin

is polyphenylene sulfide {(PPS) and said granular metal is
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nol ten polymer resin. 20 16. The nethod of claim 14,
wherein said granular netal 1is an alloy of netals
selected fromthe group consisting of zinc, tin and
antinmony. 17. The nethod of3cl aim 16, wherein said
polymer resin is acrylonitrile butadi ene styrene
(ABS) and said 25 granular netal is an all oy

Fhel B RY appreRdivfafiel y 98Ds oximatmid) apprxi mi%lé’l y 5o

APdoMAMteld. adhesfmbhe % of claim 16, wherein said
polyner resin is polyphenyl ene sulfide (PPS) and said
granular netal is 9-0000-00591 SG 2007 08928-7 23 -an
al l oy including approximtely 60%tin and

approxi mately 40% anti nony. 9-0000-00591 SG 2007

08928-7
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